The aim of the current study was to explore the effects and possible mechanisms of tripterygium glycosides tablet (TGT) in the treatment of active ankylosing spondylitis (AS). Thirty-six patients with active AS were given a 20 mg TGT treatment three times per day for 12 weeks, and 21 unrelated healthy controls were recruited as the control group. Efficacy measures included the Bath AS disease activity index (BASDAI), erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) prior and subsequent to TGT treatment. Serum dickkopf homolog 1 (DKK1) and interleukin-17 (IL-17) levels before and after TGT treatment were assessed using reverse transcription-quantitative polymerase chain reaction (RT-qPCR) and ELISA assay. The levels of several serum biomarkers were determined by ELISA, including receptor activator of nuclear factor κ-B
Introduction
Ankylosing spondylitis (AS) is a chronic inflammatory disease that primarily affects the axial skeleton, peripheral joints and the attachment of ligaments and entheses. The predominant clinical feature of this disease is inflammatory lower back pain, and over time certain patients develop spinal immobility and ankylosis (1, 2) . AS occurs predominately in males (3) . The prevalence of AS is 0.2-0.54% among the Han Chinese population, which accounts for 92% of the whole Chinese population (4) (5) (6) ,with similar rate of prevalence in Europe and America. The clinical manifestations, severity, and risk of developing the disease vary by ethnicity, geography and gender, with a prevalence that is higher in young males and lower in certain populations, such as Japan (7, 8) .
Despite a long standing knowledge of the familial associations of AS, the fundamental pathogenetic mechanism remains undefined. A number of cytokines have been shown to have critical roles in the pathogenesis of AS, including inflammatory cytokines and bone metabolism-related factors. Interleukin (IL)-17 and IL-23 are cytokines associated with inflammation, autoimmunity and defense against bacteria. The elevated levels of IL-17 and IL-23 in patients with AS indicates that they have critical roles in the pathogenesis of AS (9, 10) . Vascular endothelial growth factor (VEGF) has a crucial role in angiogenesis, which is important for the pathogenesis of chronic inflammatory diseases in joints. Angiogenesis is a potential novel target for therapeutic intervention in inflammatory joint disease. The disease status of AS has been shown to be associated with elevated VEGF plasma levels (11) . Prostaglandin E2 (PGE2) is an important factor for osteoblast differentiation in AS. PGE2 has anabolic effects on bones and promotes proliferation and differentiation of osteoblasts, thereby inducing the expression of bone sialoprotein and bone (12) . The above inflammatory factors are closely associated with the pathogenesis and prognosis of AS. In addition, numerous bone metabolism-associated factors are involved in AS. DKK-1 is an inhibitory molecule that regulates the Wnt pathway, which controls osteoblastogenesis, and the potential role of DKK-1 in AS has been explored (13) . Besides, a number of other bone metabolism-associated factors are involved in the formation of AS, including the receptor activator of nuclear factor κB ligand (RANKL), osteoprotegerin (OPG), bone alkaline phosphatase (BAP) and bone morphogenetic protein-2 (BMP-2). Other factors reported to be closely associated with the pathogenesis of AS include matrix metalloproteinase (MMP)-3 and cross-linked telopeptide of type II collagen (CTX-II), which have been recommended as predictors for AS. Serum metalloproteinase MMP-3 has been shown to be effective for predicting AS progression (14) and urinary CTX-II is an important index of cartilage degradation (15) . The above biomarkers may provide information that promotes understanding of the prognosis, disease activity, and pathogenesis of AS (16) . Thus, these biomarkers are important indexes when evaluating the efficacy of drugs in treating AS.
Tripterygium glycosides tablet (TGTs), is a product of a Traditional Chinese Medicinal plant comprising of triptolides, which have been used in China for the long-term treatment of inflammatory conditions such as rheumatoid arthritis, various skin disorders, chronic nephritis and AS. In recent years, TGT has been used to treat patients with active AS with improved efficiency. However, the mechanism is far from understood.
The aim of the current study was to explore the effects of TGT in the treatment of active AS and identify the possible mechanisms. A total of 36 patients with active AS (AS group) were enrolled and treated with TGT (20 mg, 3 times/day) for 12 weeks, while 21 healthy, age-and gender-matched volunteers were used as a control group. The levels of several serum biomarkers (DKK-1, IL-17, RANKL, OPG, BAP, CTX-II, MMP-3, PGE2, BMP-2, and VEGF) were assessed in patients with AS prior and subsequent to TGT treatment and in healthy controls.
Materials and methods
Study population. Ethical approval was obtained from the Human Research Ethics Committee at the Affiliated Hospital of Nanjing University of Traditional Chinese Medicine (Nanjing, China), and participants provided written informed consent. TGT (cat. no. 0802102) was purchased from Deeng Pharmaceutical Company (Zhejiang, China). In the study, 36 patients with AS and 21 unrelated healthy controls who were age-and gender-matched were recruited at the Affiliated Hospital of Nanjing University of Traditional Chinese Medicine between January 2010 and January 2013. All patients and controls were of Han Chinese origin. All the patients with AS were treated with 20 mg TGT three times per day for 12 weeks; no other treatments were given to the patients. The diagnosis of AS was been made by experienced rheumatologists; all diagnoses satisfy the modified New York criteria (17) . Subjects with rheumatoid arthritis, inflammatory bowel disease, psoriasis or other autoimmune diseases were excluded from the AS and the control groups. Subjects with additional use of nonsteroidal anti-inflammatory drugs (NSAIDs) or other drugs were excluded from the AS and control groups. The patients were followed-up with for 12 weeks. Peripheral blood samples (2 ml) were obtained from the patients prior and subsequent to TGT treatment for 12 weeks. The samples were collected in heparin-containing tubes (Becton Dickinson, Heidelberg, Germany) and all samples were immediately stored at -70˚C until further processing.
Basic data acquisition. The Bath AS disease activity index (BASDAI) was administered to all the patients with AS using questionnaires, as it is the most widely used tool for the assessment of AS functional status and disease activity (18) . Serum assays for ESR (erythrocyte sedimentation rate) and CRP (C-reactive protein) were performed on patients with AS prior and subsequent to TGT treatment. ESR was determined using the Westergren method (19) and CRP was determined using an ELISA kit (Kehua Biotech, Shanghai, China). The normal range of ESR is 0-15 mm/h and the normal range of CRP is 0-10 mg/l.
Serum dickkopf homolog 1 (DKK1) and IL-17 levels Reverse transcription-polymerase chain reaction (RT-PCR).
Fifteen patients with AS prior and subsequent to TGT treatment were randomly selected for RT-PCR analysis. The expression levels of DKK1 and IL-17 were measured by RT-qPCR. Total RNA was extracted from serum using TRIzol ® (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. Primer sequences (Sangon Biotech, Shanghai, China) and RT-PCR product length of the investigated factors were listed as follows: Forward, 5'-CCA ACG CTA TCA AGA ACC TGC-3', and reverse, 5'-TGA CCG GAG ACA AAC AGA ACC-3' for DKK1 (461 bp); forward, 5'-ACA ACC GAT CCA CCT CACC-3' , and reverse, 5'-CAG CCC ACG GAC ACC AGTA-3' for IL-17 (232 bp); forward, 5'-AAG GTC GGA GTC AAC GGA TTT-3', and reverse, 5'-AGA TGA TGA CCC TTT TGG CTC-3' for human (h)GAPDH (352 bp). cDNA was amplified by PCR in a thermal cycler (Eppendorf, Hamburg, Germany). Thirty-two cycles were performed for hGAPDH and the other primer pairs. The PCR steps were as follows: 1 cycle at 95˚C for 30 sec for initial denaturation; folllowed by 40 cycles at 95˚C for 3 sec and 60˚C for 30 sec.
Amplification products were analyzed by electrophoresis and the intensity of the PCR products was quantified using Quantity One software (Bio-Rad, Hercules, CA, USA).
ELISA assay. The activity levels of serum DKK1 and IL-17 were measured using a commercial human DKK1 ELISA kit (Hufeng Biotechnology, Shanghai, China) and a human IL-17 ELISA kit (eBioscience, San Diego, CA, USA) according to the manufacturer's instructions.
Levels of biomarkers in serum (RANKL, OPG, BAP, CTX-II, MMP-3, PGE2, BMP-2 and VEGF)
. Serum levels of RANKL, OPG, BAP, CTX-II, MMP-3, PGE2, BMP-2 and VEGF were measured using commercial human ELISA kits according to the manufacturer's instructions (RANKL, OPG, BAP and CTX-II from Hufeng Biotechnology; MMP-3, PGE2, BMP-2 and VEGF from KeyGen Biotechnology, Nanjing, China). The serum levels of these factors in the AS group prior or subsequent to TGT treatment were compared with the control group.
Statistical analysis. Statistical analyses were performed using the statistical software Statistical Packages for Social Sciences (SPSS) version 14.0 (SPSS, Inc., Chicago, IL, USA). Results are expressed as the mean ± standard deviation. P<0.05 was considered to indicate a statistically significant difference.
Results
Clinical features. The BASDAI, ESR and CRP of the patients with AS prior and subsequent to TGT treatment are recorded in Table I . Prior to TGT treatment, the BASDAI score in 20 cases was >50 mm, and average score of BASDAI of all the patients with AS (51.94±11.57) was higher than normal range. After 12 weeks of TGT treatment, the BASDAI score was significantly reduced (24.47±13.01). Prior to treatment, the level of ESR and CRP were higher than those of the normal controls. After 12 weeks of TGT treatment, the levels of ESR and CRP were significantly decreased to normal range. 
Levels of biomarkers in serum (RANKL, OPG, BAP, CTX-II, MMP-3, PGE2, BMP-2 and VEGF).
The expression levels of RANKL, OPG, BAP, CTX-II, MMP-3, PGE2, BMP-2, and VEGF in patients with AS prior and subsequent to TGT treatment are shown in Fig. 3 . A reduction in serum OPG, BAP and BMP-2 levels were observed in patients with AS compared with those of the control subjects, and increased serum RANKL, CTX-II, MMP-3, PGE2, and VEGF levels were observed in patients with AS compared with those of the control subjects. Following TGT treatment in patients with AS, there was a significant increase in the expression of OPG, BAP and BMP-2 (all P<0.01), and a significant decrease in the expression of RANKL, CTX-II. MMP-3, PGE2 and VEGF (P<0.01, P<0.01, P<0.01, P<0.05 and P<0.01, respectively).
Discussion
AS is a chronic inflammation of the sacroiliac joints, spine and peripheral joints. NSAIDs are the first stage of medication in treating the pain and stiffness associated with AS. However, NSAIDs have significant side effects, in particular, damage to the gastrointestinal tract. When NSAID treatment is insufficient, second line medications, sometimes referred to as disease modifying anti-rheumatic drugs, are used, including Sulfasalazine and Methotrexate. Tumor necrosis factor (TNF) blockers are one of the most promising medications for treating AS. However, TNF blockers may cause serious side effects, including reactivating latent tuberculosis and neurological problems.
TGT is a product of a Traditional Chinese Medicinal plant that has been used in China for the long-term treatment of inflammatory conditions including rheumatoid arthritis, various skin disorders, chronic nephritis and AS. More recently, TGT has been used to treat patients with active AS and find an improved efficiency. However, the mechanism of action is unclear. In the present study, the expression levels of biomarkers were examined in patients with AS prior and subsequent to TGT treatment, and the possible mechanisms of TGT in the treatment of AS were revealed. Firstly, we investigated the anti-inflammatory effect of TGT on patients with AS. The inflammation caused by AS is associated with the pathogenetic condition and prognosis of AS, that is, patients with AS with higher inflammation level may have worse functional status. Cansu et al (20) found that patients with AS with higher ESR or CRP levels had higher BASFI scores, and that the levels of CRP were significantly associated with a high BASFI. In the present study, we found an elevated ESR level, CRP level and BASDAI score in patients with AS compared with those of the healthy controls, which is consistent with published results. Following TGT treatment, it was shown that the BASDAI score and the ESR and CRP levels of the patients with AS were significantly reduced to a normal level (all P<0.05), demonstrating the possible anti-inflammatory effect of TGT on AS. Furthermore, significantly higher serum levels of IL-17, VEGF and PGE2 were observed in patients with AS compared with those of the control subjects (all P<0.05), and the levels were revealed to be significantly reduced following TGT treatment for 12 weeks (P<0.01, P<0.01 and P<0.05, respectively). The results demonstrated that TGT may regulate inflammatory factors, such as IL-17, and inhibit the production of PGE2, which leads to an anti-inflammatory effect on AS. The changes in the levels of inflammatory cytokines in the serum further demonstrated the possible anti-inflammatory effect of TGT on AS.
Additionally, it was determined that TGT may be a potent regulator of new bone formation in patients with AS. The inflammation caused by rheumatoid arthritis (RA) induces bone destruction, while inflammation caused by AS may induce bone destruction and new bone formation. Bone destruction is associated with large amounts of new bone formation in patients with AS. This is because bone repair occurs after bone destruction, however, while acute lesions resolve completely, more advanced lesions are associated with new bone formation, characterized by fusion of the spine and joints such as sacroiliac joint, clinical stiffness and formation of osteophyma (21). Therefore, inhibiting new bone formation is another potential strategy for the treatment of AS.
Prostaglandins (PGE), bone morphogenetic protein (BMP) and Wnt proteins are the primary factors with essential roles in this bone formation process. PGE2, which has anabolic effects on bones and promotes proliferation, is an important factor for osteoblast differentiation in AS; inducing the expression of bone sialoprotein and bone alkaline phosphatase (BAP) (12) . PGE2 synergizes with BMP-2, a member of the transforming growth factor/BMP protein family in inducing bone formation (22) . In addition, Wnt proteins have been identified as potent inducers of bone regeneration (23) . On the basis of inhibiting new bone formation, the mechanisms of current drugs for treating AS are as follows: i) TNF blockers. TNF induces the expression of Wnt, so TNF blockers improve the signs and symptoms of AS, but can not change radiographic progression. ii) Dkk-1 inducers. Dkk-1 is an inhibitory molecule that regulates the Wnt pathway, which controls osteoblastogenesis, and the potential role of Dkk-1 in AS has been explored (13 In the present study, significantly lower serum DKK1 levels (RNA/protein) were observed in patients with AS compared with those of the healthy controls which is consistent with the results of Diarra et al (13) , in addition to significantly higher serum PGE2 levels. Following TGT treatment for 12 weeks, the Dkk-1 levels (RNA/protein) were significantly upregulated and the PGE2 levels were significant downregulated in patients with AS, demonstrating that TGT may be a potent inhibitor of new bone formation in patients with AS. However, the BMP-2 level in patients with AS was observed to be significantly increased following TGT treatment. We speculate that this is because BMP-2 is regulated by additional signaling pathways, such as intracellular Smad signaling (24) . The efficiency of TGT at regulating BMP-2 requires further study. Thirdly, it was determined that the efficacy of TGT in the treatment of AS may be associated with its bone protective effect. A number of bone metabolism-related factors are also involved in the formation of AS. RANKL, a novel member of the tumor-necrosis factor family, has a key role in osteoclast formation and activation. RANKL is expressed by osteoblast lineage cells and binds with two different receptors, the first of which is OPG, and the second is RANK, which is expressed on the surface of osteoclast lineage cells. The binding of RANKL and RANK on osteoclasts or osteoclast precursor cell activates the transcription factor NF-kB and protein kinase JNK, which promote osteoclast proliferation, differentiation, maturation and bone resorption activity (25) . OPG, belonging to the TNF receptor superfamily, is the natural antagonist of RANKL receptor, blocking the linkage of RANKL and RANK, thereby inhibiting the biological effects of RANKL, including such as bone resorption, osteoclast differentiation, activation and induction of apoptosis. OPG is reported to be associated with poor physical mobility and to reflect systemic inflammation in AS (26) . Therefore, RANKL promotes osteoclast genesis, while OPG prevents bone erosion (27) . In the present study, a significantly lower OPG level and a higher RANKL level were observed in patients with AS compared with those of control subjects. Following treatment with TGT, a significant increase in the OPG level and a reduction in the RANKL level were observed in patients with AS, which shows the potential bone protective effect of TGT by regulating RANKL/OPG signal pathway in patients with AS.
To improve understanding of the progression of AS and the effects of TGT on treating AS, several other serum biomarkers for evaluating the AS progression were measured in the study, including BAP, MMP-3 and CTX-II. BAP, the bone-specific isoform of alkaline phosphatase, has been shown to be a sensitive and reliable indicator of bone metabolism (28) . In the current study, a reduction in the serum BAP level was observed in patients with AS compared with that of control subjects, and a significantly increased serum BAP level was found in patients with AS following treatment with TGT. Furthermore, the results revealed significantly higher serum levels of MMP-3, CTX-II and VEGF in patients with AS compared with control subjects, and the levels were significantly reduced following treatment with TGT. Serum MMP-3 has been shown to be an effective predictor of AS progression (14) and urinary CTX-II is an important index of cartilage degradation (15) . Patients with AS have been reported to have significantly higher mean urinary and serum CTX-II levels compared with those of control subjects (29, 30) , which is consistent with the present results. In conclusion, TGT is effective at improving the signs and symptoms of patients with AS, and the changes in serum biomarkers demonstrate the mechanisms that may be associated with the anti-inflammatory effect, inhibition of new bone formation and a potential bone protective effect.
